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/OaZ)C^V\ '""^von^ Metabolites 

' ^ — Field of the Invention 

XWrnTvcnt^on relates to certain isoflavonoid compounds, compositions containing the 
same, and therapeutic uses of those compounds. niammg the 

' Background of the Invention 

In recent years there ho. been increasing attention on phytoestrogens particularly 
.sonavono.d.s. Isoflavonoids or isoflavoncs (as they are also known) are a class of phyto- 
oestrogens which are found in plants and which are based on a diphenolic ring structure 
Due to the,r structure, it has been documented that they are able to bind to oestrogen 
.0 receptors on aiiimals including humans. A small subgroup of isoflavones are known to 
d.spiay oestrogenic activity, as well as anti-carcinogenic, antifungal, antiproliferative 
properties and anti-oxidative effects. The..e oestrogenic isoflavones (genistein, biochanin 
daidzein, glyctein and formononetin) are predominantly found in plants which are members' 
ol ihe Les^uminosae family. 

15 Most legumes have been found to contain at least one or more of these oesiro-enic 

.soflavones. with the richest sources being soya beans, lentils, clover, chick peas, alfalfl and 
other beans. Most human diets contain low to moderate levels of oestrogenic isoflavones 
\n typacal d.ets in developed Western countries, the dietar/ intake of the oestro-enic 
.soflavones ,5 low and often negligible, as legumes arc not relied upon strongly as a source 
20 of proiem. being instead replaced by animal products. 

However, the dietary intake of oestrogenic isoflavones from traditional diets of 
Eastern and developing countries such as India, China and South America is moderate to 
high, given the feiriy high dietary intake of beans including soya beans, kidney beans. lima 
beans, broad beans, butter beans, chick peas and lentils. The presence of such dietary levels 
25 of oestrogenic isoflavones is confirmed by detection of the amounts of tl.e isoflavones 
daidzem. genistem, glycitein, formononetin and biochanin and their metabolites in human 
unne. People with high legunxe intake in their diets excrete substantially higher amounts of 
^soflavqne metabolites in their urine tloan people wiU. largely omnivorous or Ibw-legume 

30 After ingestion, isoflavones undergo varying degrees of metabolism within the 
dtgesnve system. Tlae naturally occurring, water soluble glycosidic form of isoflavone 
undergoes hydrolysis to the aglycone form in the gut. while biochanin and fonnononetin are " 
demethylated by bacterial fermentation to genistein and daidzein respectively It appears 

'"erL' to"'T °' ? '"'^^^'^"^^ "^^^ fermentation by intestinal 

(ODMA 7, end p^ducts including equol. dehydroequol, O-desmethylangolensin 

ODMAJ. d.hydrodaidzem, tetra-hyd^daidzein and dihydrogenistein. The isoflavones 
the,r metabolites and derivatives circulate around the body and are mainly excreted inZ 
tinne. in which they can then be detected ^ 
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AS smed above, giv™ .he present of high levels of isoflavones in legumes 

me,abol.«d by m«s.i„a, o, bowe, ba«eria .o p„,a«c= isoflavone mcaboli J™ hL 
oe„ cond uced ,„,o microbial fer,„e„«Uo„s of soybeans and l>as d^onsua^d T^ucu*" 
. o, „«abo,.,e3 ,„c „d,„g 6.7.4--„ihyd™Kyisoflavonc (hereinafter called Fac.or2) ^d ler 

polj hydroxylated isoflavonoids. 

Tradat.onal Asian food products such as tcr«peh, tofu, n,lso etc are foods produced 
n-on. soybeans by fermentation „,ainly by fungi of the genus Rkf^opu... ,t has been shown 
hat several bactena species may also be involved .n cempeh production. For traditional 
10 tempch fcrraentat,on, the soybeans are cooked, dehulled and soaked overnight A 
sponta»,eous bacterial acidificaxion occurs during this phase. In industrial tempeh 
termentation processes, the cooked soybeans are acidified with lactic acid After the 
soaktng process, the soybeans are cooked again and incubated vdth microbial inocula for 2 
days. 

- IS In unfcrmented soybeans, the isoflavones gcnistein, daidzein and glycitein 

predomuiantly occur as isoflavone glucosides and acylgjucosides. It has been shown that 
dunng lempeh fei-mentation. the isoflavone aglycones are liberated from tlic conjugates and 
accumulate m the tempeh product. Further findings have shovm that during fermentation 
The isotlavone 6,7,4 -trihydroxyisoflavone (termed "Factor 2" by Gyorgj- et al i„ Nature 
20 (1964) 203. 870-872), also accumulates. 

It was previously thought that the ftingi of the genus Rhizopi,s were responsible for ' 
the tonnation of Factor 2 from either daidzein or glycitein. However, subsequent studies on 
the metabolism of daidzein and glycitein , by Klus et al., 1993 showed that isolates of 
Brcvihacievlum epidermidis and Micrococcus luteus, which were isolated from Indonesian 
« tempeh satnples. readily transform glycitein, forming Factor 2. A third tempeh-derived 
bactcnum. Microbaaerium arborescem. metabolized daidzein, producing both Factor 2 and 
glycuem. More recently. Klus, K. and Bafz, W. Arth. Microbiol. 164:498^34 (1995) 
mvesugated five other bacterial isolates, which were isolated from tempeh samples 
contammg Factor 2 and were classified as Micrococcus or Arihrobacter strains, for their 
ab,hty to metabolize daidzein and glycitein by hydroxylation or O-demethylation reactions 
The,r results show that a number of polyhydroxylated isoflavones were formed' 
hydroxylated at three or four of positions 6.7,8, 3" and 4'. Of these Factor 2 was the major' 
product produced by most of the microbial strains. -D^e bacterial strai.^ onlv hydroxy Jed 

35 o est? "'"'^'^ compounds ;f the 

35 present ,n% ention were not identified by Klus and Barz, however 

ami •^ZZr'^'"-^""'''"'"'' i^ofi..ou.s Uno^ in tl.e prio'r art are knowx. to exhibit 
a^,n- nflammatory and anti-allergenic activity and to express anticarcinogenic properties due 
o .nh,bit.on of protein tyrosine kinases, which play a key role in cellular plways " 
tumour cell growth. I„ i„ .Uro tests, these isoflavones also inhibit the ^^oSTl 
« .eukcmia cMakishima et al., 1991) and human breast cancer 1^1 t^T.. ^7^, 
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P«.rso„ and Bamcs. 1991). I„ «.cn«. tt,e polyhydroxylated isoflavone. occurt,,. a, 
d,eu.o- <b«o« in ftr^emed soybean product, a,, putative causes of ,he lower in^T^ r 
caaeer-related diseases i„ Asian „^„^_ ,,,, .srd ' m 



25 



inCud r ^''^ ison..onos which have ben disclosed 

ncludc ihcT use as iherapeutic. for n,enopausai symptoms and osceoporosis (WO 98/50026 
Cun-opean pnie„: application 0135172. US pacem 5,498.631 in the nan,e of Gorbach 
prc-mensirual sympxoms; Rcynaud. Syndrome: rheumatic d.sea^es; Bucrgcrs Disease 
10 coronary artery spasm; migraine headaches: benign prostatic hypertrophy and hypertension ' 
As stated above, isoflavonoids arc natural plant compounds which possess 
ant,tumongemc properties. Of all oestrogcnic isonavones of which daidzein, genistcin 
tormononetin and biochanin-A are the most well known, it has been shown thaJ 
.ndn idually. genistein is the most potent inhibitor aC50=25.33nM) of the proliferation of 
,0 MCF-7 cells induced by a number of environmental chemicals such as 1 -(o-chlorophenyl)- 
l-(p-chlorophenyl).2,2.2-trichloroeiha„e, 5-octyIphenol and 4-nonylphenol as demonstrated 
i-ccently by Vemia SP and Goldin BR (NuTrilion & Cancer 30(3):232-9. 1 998) 

The .same authors also noted that a mixture of isoflavones was the most potent 
inhibitor against the induced proliferation. However, as in the case of other research 
20 workers ihey found that genistein, biochanin A, equol and lo some extent daidzein at 
<lOjaM can enhance the growth of MCF-7 cells. 

There is therefore a need for novel isoflavonoids which can inJiibit the proliferation of 
cancer cells but which do not enhance their growth at low concentrations, and which exhibit 
Other therapeutic propenies. 

Objects of the invention 
It is therefore an object of the present invention to provide novel isoflavonoid 
compounds. 

It is another object of the present invention to provide compositions including food 
and drink compositions containing novel isoflavonoid compounds. 
30 It is a further object of the present invention to utilise novel isoflavonoid compounds 

in treating hormone dependent conditions and other diseases and disorders. 

Summary of the invention 

Throughout this specification, unless the context requires otherwise, the word 

3S .^ZoTst^r 7"tr T ^ '-comprising' or the tem. ' includes" or 

awations he«of, will be understood to imply the inclusion of a stated element or integer or 

r^ni^rregr^^^^ 

ronnuraToTtrrrr ^"^^^"^ -^^^^^ ^ Of 
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A is selected from the group consisting of 





OH 




, and 




i 



20 



provided that at least one of the pairs R„ R2 and R3. are boUi OH; 
10 R5 is selected from OH and OCH3; and 
denotes a single or double bond, 
or a pharniaceutically acceptable salt or prodrug thereof. 

hereinl;::^." " ^'^"""^^ ^ - '^^^-'^ 

15 one of R, and R, is selected from H and OH, and the other of R, a„d R, i,- OH- " 
one ofR, and R., is selected from H and OH, and the other of R3 and rJ is QH- 
provided that at least one of U.e pairs R,, R, and R3. R. are both OH- 
R5 is OH: and ' 

=^ <ienotes a single or double bond. 

In another tonn. the invention relates to compounds of the formula (lA) or (IIA) 

Rj^^^v^Rs 
' I 1 



R 




(lA), 




wherein A is as defined hereinabove 
R2 is H. and R, is selected from OH and OCH3; 
R.^ and Rj are each OH; 
25 Rji is selected from OH and OCH3; and 
denotes a single or double bond. 

In a further form, the invention relates to compounds of the fonnula (IB) or (IIB) 



(irA) 
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(IB), 

wherein A is as defined hereinabove 
Ri and R2 are each OM; 

1^ is H, and R3 is seJecicd from OH and OCH3: 
5 R^ is seJccied from OH and OCH3; and 
denotes a single or double bond. 

Examples of preferred compounds of die invention arc: 

(i) 4\6.7-trihydroxydihydroisoflavone having the structure ailV 
HO. ^ O 



(IIB) 




(HI) 

10 (hereinafter referred to as Compound B); 

u ^^-'^>'^^^^y-°-'^«"^«^hylangoIesin (S-hydroxy-O-Dma) [l-(2.4,5.-trihydroxvphenyl)-7. 
(4-hydroxyphenyl)-propan-l-one] having the structure (IV)- 

HO. ^ .OH 



1?^ s 



HO 




OH 



(IV) 



(hereinafter referred to as Compound A); 

" ^ ^1'''^'''''''^-''-^^^^^^^^^ (3'-hydroxy-0-Dma) [l-(2.4,dihydroxyphe„yl)-2. 

^ (->.4-dihydrDxyphenyl)-propan-t-one] having the structure (V): 

HO, 




OH 



(V): 

3'.hydroxy.O-dernethyldehydroango]esin (S'-hydroxydehydro-O-Dma) f,-(2 4-di. 
.wdroxyphenyI)-2-(3,4-dihydroxyphe„yI)-pxop-2.en-I-one) having the structu^ (vl) 
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CVl) and 



-I'-hydroxy-dihydrodaidzcin having the slrucmre (VII): 




(VII); 

'-'>'f°">':^-^f>''^--0-^^--ri-(2,4,5-trihydroxyphe„yl)-2.(4-h^ 
s :2-cn-l-oneJ having the structure CVIIJ); / k i 

HO. ^ ,OH 



n3- 



HO 




, . . (VUI): 

or phamiaceutically acceptable salts or prodrugs thereof. 

A thii-d aspect of the present invention provides a composition comprising one or 
more compounds of the formulae I or IT as pz^viously defined, in association with one or 
10 more phan«accutically acceptable carriers, adjuvants, diluents and/or excipients 

Typically, one or more of the compounds of structures (III) to (VIII) may be used in a 
composition of the third aspect of the present invention. 

A fourth aspect of the present invention is a food or drink composition which 
contains one or more compounds of the formulae I or II. 

Typically, the food or drink composition contains one or more of the compounds of 
structures (HI) to (VIII). compounds of 

treat„,tT'"V' ' "^T ^"^""^ - P-vided a method for the 

ttc«ment. prophylaxis, amelioration, defence against, and/or prevention of menopausal 
syndrome mcluding depression, anxiety, hot flushes, night sweats, ntood sZgs a^d 
.0 headache: osteoporosis; rheutnatic diseases; athet.sclet.sis; prcmensm^l synd'onTe 
ncludine flu.d retention, cyclical mastalgia, and dysmenorxhoea: corona^ ^J^ ^- 

hNpertension; benign prostatic hypertrophy: all forms of cancer includincr bre«« . 
endometrial cancer, prostatic cancer, uterine cancer, ovarian caTer Te^l T"' 
25 bou-el cancer AIzhe5m^« - ^ ovarian cancer, testicular cancer, large 

cancer Alzheimers disease; inflammatory diseases including Crolms disease 
.ntlanamatot,. bowel disease, ulcerative colitis: baldness including mal! na^ h t 
Dsoriasis- arn^-- ^i^^ . . "«-iuuing male pattern baldness: 

p.o„as«. acne, and d«eas« a«oc«,cd wifl. oxidan, «res. including myocardial infarcion. 
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sunJight induced skin damage, arthritis, or cataracts, which method comprises administering 
lo a subject a tlierapeuiically effective amount of one or more compounds of the fomiulae I 
or H as previously defined, either alone or in association with one or more pharmaceutically 
tK'ceptablc carriers, diluents, adjuvants and/or excipienis. 
5 According to a related sixth aspect of the present invention there is provided a method 

lor ihe ticatment. prophylaxis, amelioration, defence against, and/or prevention of hormpne- 
cfcpendeni conditions including hormone dependent cancers such as breast cancer hormone 
dopendeni cardiovascular disorder and hormone dependent menopausal 'disorders 
compnsmg administering to a subject a therapeutically effective amount of one or more 
10 compounds of the formulae I or II as previously defined, either alone or in association with 
one or more pharmaceutically acceptable carriers, diluents, adjuvants and/or excipients. 

Typically, one or more of the compounds of structures (HI) to CVIII) may be used in 
the method of treatment, prophylaxis, amelioration, defence against, and/6r prevention of 
any one or more of the diseases of the fifth or sixth aspects of the invention! 
15 A seventh aspect of the present invention is the use of one or more compounds, of the 

Ibrmulae I or II for the manufacture of a medicament for the treatment, amelioration, 
defence against, prophylaxis and/or prevention of one or more of the diseases set put in the 
fifth or sixth aspects of the invention above. 

It is typical that one or more of the compounds of structures (III) to (VIII) are 
20 employed in the seventh aspect of the present invention. 

A related eighth aspect of the present invention is use of one or more compounds of 
ihe fomiiilae 1 or II in the treatment, amelioration, defence against, prophylaxis and/or 
prevention of one or more of the diseases set out in the fifth or sixth aijpects of the invention 
above, 

23 Typically, one or more of the compounds of stmctures (III) to (VIIJ) are used in the 

eighth aspect of tlie invention. 

A ninth aspect of the present invention is a microbial culture or a food or drink 
composition containing at least one microbial strain which microbial strain is capable of 
producmg one or more compounds of the formulae I or II from daidzein and/or glycitein. 
30 1 ypically. said microbial strain produces one or both of compounds A and B. 

Typically, the microbial strain is in the form of a purified culture, which may 
optionally be admixed and/or administered with one or more other cultures which produce • 
uny one or more compounds of the formulae I or II, more typically one or more of the 
compounds of structures (III) to (VIII). 
35 A tenth aspect of the present invention provides a process for producing a compound 
of any one of formulae I or II by microbial fennentation of daidzein or glycitein witli one or 
more microbial organisms selected from the group consisting of Lactobacilli, Clostridium 
pcjj.nf,ens; Bacteroids including B.vulgatus, B. ihctaiotaomicron, B. distasonis, Candida 
a h^cans and other yeast; Anaerobic cocci including Ruminococcus. Eutacterium, 
-0 1 eptostreptocaccu, (such as P. producius found in stools), Clostridium. Bifidobacteria 
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(such ,s D. aMccjmis. B. „^„,, »<, b. ,ong.„). P^ococa.,. y.Wcne,la 
and s,r.j,.,,,cc..; Anaerobic «„p,o«„., G™m.„.,.Uve ftculttdv^ 
b„c cn»; Ae„ such as ^, W.o^*,v„; ^,.„;,s,„„ ,.,,-„W„, . J^^^^Cr^ 

Ao.<,^,„ .V,. 5,aMv/<.»cc,, ,p including .v and 5. ap/der^lj- 

MicrohacmrnmspsuchasM.orboresMns. 

A„ eleven* aspect of *e presen, invenuon pn,vides a method for .he ,„„me„, 
prophy,ax,s, amehorauon, defence against, and/or prevention of menopausal synd^I 
.» ud.n. depression, anxiety, ho. flushes, ni* sweats, mood swings and h«daTe 
os.coporos,s. rheumauc d.scases; atherosclerosis: premenstrual syndron«. incl«ii„g fluid 
■ e, nuon. cycl.cai mastalgia. and dys„,c„orrhoea; coronary artety spasnt: vascular dfseases 

bcntgn prostattc hypert^phy; all fonns of cancer irtcluding b„=as, cancer, endometria 
. cancer, prostahc cancer, uterine cancer, ovaHan cancer, testicnlar cancer, large bowe 
cancer: Alzhe,mers disease: inflammatoty diseases including Crohns disease, inflammatory 
bowe d.scase. u,ce„«ve colitis; baldness including male patten, baldness: psot^a „^ 
.nd d,sca..«s assocated with oxidant stress including myocatdial inftr^don sunlil,' 
mduced sktn dantage. arthriUs. or cataracts, which method comprises admWsTering tfl 
« .u^iec. a therapeutically effective amount o, Factor 2 as prevlo Jy defined, e^" o 

me,h„rf ° '° ' """^ ^ O"^-" '""""O" provided a 

method for the treatment, prophylaxis, amelioration, defence aaaima » 

30 honnoncdependcn, conditions including ho™„ne d^pcnd^ ^uT; ^™ 

^cpendenTmeno^rS 
prrr d^^T ^ *-^-«-l,y elective amount of Fact r^^ , 

piCMously defined, either alone or in association with one nr r«,^.«. u 
acceptable carriers, diluents, adjuvant and/or excipTents! Phannaceattcally 
nie uwention also provides in a thirteenth aspect the use of F»ot«, o ^ 

P™rual synr^lTncIur;;^^^ .'^^^ atheroscle^sis; 

^0 coronary artery soasm- v««,.«r w «=ycl^cal mastalgia. and dysmenorrhoea; 

. rtery spasni. vascular diseases mcluding Reynauds Syndrome: Buergers Disease: 
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migraine headaches: hypertension; benign prostatic hypertrophy: all tbiros of cancer 
including breast cancer, endometriaj cancer, prostatic cancer, uterine cancer, ovarian cancer 
icsticulai- cancer, large bowel cancer. Alzheimers disease: inflammator>. diseases including 
Crohns disease, inflammatory bowel disease, ulcerative colitis: baldness includuio male 
5 pattern baldness: psoriasis: acne; and diseases associated with oxidant stress indudine 
myocardial mf a rction, sunlight induced skin damage, aithritis, or cataracts. 

A fourteenth aspect of the invention furtlier provides the use of Factor 2 for the 
manufacture of a medicament for the treatment, prophylaxis, amelioration, defence against 
and/or prevention of hormone-dependent conditions including hormone dependent cancers 
10 such as breast cancer, honmone dependent cardiovascular disorder and hoimone dependent 
menopausal disorders, 

A fifteenth aspect of the present invention provides a process for the manufacture of 
Compound .A., said process including: 

i) reacting 2-(p-methoxyphenyl)propionic acid with l.3,4-irimethox'y benzene to 
obtain 2,4,5,4'-tciramethoxy-a-niethyldesoxybenzoin: and 

ii) demethylating said 2.4.5,4'-tetramethoxy.a-methyldesoxybenzoin to form 
2.4.5.4'-tetrahydroxy-a-methyldesoxybenzoin. 

A sixteenth aspect of the present invention provides a compound when produced by 
ilie process of the fifteenth aspect of the invention outlined above. 
20 The present invention is based upon the identification of novel oestrogenic isoflavone 

metabolite compounds, exemplified by the isoflavonoid phytoestrogens of structures (III). 
CIV) and (V). These compounds have been identified in the urine of the human adult 
consuming a diet rich in phytoestrogen content. Wliile not wishing to be bound by theory it 
IS postulated by the present inventor that the identification of the compounds of structures 
25 (III). (IV) and (V) provides evidence for the existence of a previously undiscovered pathway 
in the mode of metabolism of daidzein and/or glycitein. 

The identification of the compounds of strucOixes (III). (IV) and (V) observed for the 
first, time in the urine of adult humans who ingested soya cake containing daidzein 
gemstein and glycitein provides evidence to suggest that the compounds of structures ail)' 
30 aV) and (V) are products of microbial tiansfoimations of daidzein or glyciiein In view of 
the fact d,at one of these metabolites, namely compound A, was found in large amounts 
commcn.,urate to the amount of daidzein ingested compared with glycitein appears that ' 
compounds A and B may also be metabolites of daidzein after hydroxylation of ring A The 
restdts of Klus and Barz (1995) referred to above support this hypothesis since these authors 
35 demonstrated tl.at a number of microbial species mcrococ^s^ ArtHrotaaer. 
Brav,hactenun., ^ capable of convening daidzein and glycitein to give Factor 2. the most 
probable precursor of compounds A and B. 

The compounds of Formulae I and II of the present invention, all of which include a 
^•.cmal diol substitution, show significant therapeutic activity. I„ particular, it has been 

1(3 
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.sho^^•n that compounds of the invention inhibit the proliferation of MCF-7 and other ceUs 
without significant enhancement of their growth at low concentrations. The vicinal diol 
substitution is provided by at least one of the following: 6.7-dihydroxy substitmion in the 
b^nzopyran moiety of structure (J); 3-,4--dihydroxy substitution in the 3-phenvl subsiituent 
5 1.1 siruciure (I): or 3.4-dihydroxy substitution and/or 3\4'.dihvdroxv substitution in 
siructui-c (II). U is speculated that it is the presence of this vicinal diol substitution in the 
compounds of die invemion which confers on them their surprisindv high biological 
activity. - . e b 

Detailed Description of the invention 

10 Compounds of ihe invention may be obtained by microbial fermentation of suitable 

naturally-occurring oestrogenic isoflavones, or by chemical synthesis. 

For microbial fermentation, k plant source of naturally-occurring oesiro-enic 
isoflavones is typically used. * 

Typically, plant sources for oestrogen isoflavone precursors of the compounds of the 
15 mvemion are any leguminous plant including various species of Acacia, ground nut. alfalfa 
lentil and ground pea. Also typically, such pJanl sources include; 

Zi:mhm species including pamassi. repens, pallcsecns. nigrescens, physode.., resupinatum 
campestre. arvense. stellatum, cherleri. pignantii, alpestre, pratense. angustifolium' 
subterraneum and glomeratum. Medfcff^n species including lupulina, falcala. orbicularis' 
20 polymorpha. disciformis, minima, and sativa. Comii species including occidentalis and 
noribunda. Luj2ims species including angustifolium and albus. Ehm species including 
sativa and monantha and Gal^ species including officinalis, or mutant strains of any one 
Ihe foregoing. Beans such as jumping bean, sword bean, broad bean, yarn bean kidney 
bean, soya bean and butter bean are also a. favourable source of for oestrogen isoflavone 
25 precursors of the cotupounds of the invention. The oestrogenic isoflavones are mainly 
lound in die leaves and fruit of the plant, and also in the roots. 

Typically, the compounds of interest which are secreted bv microbial cultures or 
organisms are detected by GC-MS (gas chrotnatography-mass spectrometry) 

These orsanisms are used in microbial fermentation to produce compounds of 
T^l^ ^'"^^ ""^^^^"'^ '^'^^^^ from one of the following 

Lacu,,acWi: Clostridium perfingens; Bacteroids including B.vulgatus. B. ihetaiotaomicron, 
.Uslo^onis: Candida albicans and other yeast: Anaerobic cocci including Ruminococcus 

as ^mZ!"""- ^^t"^^- - P^oduatus found in stools), Ciostridium. 

as ^^l^^cu.na (such as B. adolesc.niis, B infanris. at,d B lon^urr,). PeprococcJ^ 
Udlonella. Acdaminococcus, and Srrepiococcus, Anaerobic streptococci: Gram-necative 
facultauve bacteria: Aeromonas such as A.f^dropHila; Alcaiigene. sp; Ci^robacrlr sp- 
E.u.roHac.er sp mcluding E. Uguefaciens and E. aerogen.s; Escherichia sp. E coir Haf^a 
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P„. .J.„c,a sp-. A.r„coccvs vMJa^s; BacUI.. .p; Co,y..6ac,ertun, s,r. Micrococcus ' 
such ^ M. ,.,cu., >,oc.r,,a sp: PcUiococcs sp: S,apHy,ococ.us .p ,„c,l„, sZcZZ 
X cp,Ucn^., r..o^c,cH.. including F. ^o„:,,afor^„s. p. „,or,,fcruA n^cr^T. 
s K „c.. oM„„, ond F. ,:ss;,: Du,yriyiHr,o such as B. .MH^ol.c,,.: ^„,„„,„„.,,. Ja,,"' 

^„w<,*<,.«. SUCK as A. agm.. A. aurcsccn.,. A. po^cSa 
A. w A. cu„„,„.: Brc^Waceri^ .,p ^. .^.^.L^,.'',^ 

Microhacitiniim sp such as M arhorescem. 

Typically; non-pathogen,c organisms selected from the above oraanisms such as 

" s^rrr T ^^^f '^''''''^''^'^''•^^ -^>' ^-ctiy food anC/or dr^nk con.positio„s 

ucb as da,ry fom.ulat.ons so as to provide compounds of .he formulae of the invention 
J he dnnk/food compositions also need to contain a phytoestrogen source such as soya 

Microbial conversion of Daid^in and Glycitein to Factor-2 can be effected using th^ 
lollowmg microbial organisms: Arthrobacter including .^,7/., auresce.s, pascen.. oxydan, 
16 nrcouna., and cum^ninsii, Brevibacr.Hun. epidermidis iooi...n. glvcilein to Factor 
M,crococcus tuiaus (converts glycitein to Factor 2), Microbacteriun. arhore.sccn.s (convens 
doadzein to Factor 2 & glycitein), Str.pto.nyce. .sp ro.eoJu. (converts daidzein/glycitein to 
8.-> -d.hydroxy-6,7,4-trimethoxyisoflavone or daidzcin/glycitein to 7 8 4' & 7 3 '4' 
tnhycjroxyisoflavones. depending on culture medium). The various microbial conversions 
20 are disclosed in detail in Klaus, K. and Barz. W.: ArcM. Microbiol. 164 (1995) 428-434- 
Klaus. K.. Borger-Papendorf, G. and Barz, W.: Biochemistry 34(4) (1993) 979 981- 

2Sn^^-ZT. iTt Chimura, H. ct al: J. AntiMoi. 

28 (,97.) 619-626; Funayama, S. er a!: J. Antibiot. 42 (,989) 1350-1355 and Komiyama K 

Trlflnce '''''' -operated he;ein 

nn *° "y theory, the present inventor hypothesises that the 

metabohe pathways of catabolism of factor 2 obtained fron, glycitein or daidzein are as 
shown m Scheme , below. Methylene unit (MU) values of the metabolites under the gas 
chroinatographic conditions described in Example 1 are shown. 
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daidzein [MW 254] 

MU 28.60 <MW 398: di-TMS) 



microbial transformations 
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glycitein [MW 254] 

MU 30.42 (MW 42a. cfi-TMS) 



mrcrobial transformalions 



o 
a. 

3 



OH 



factor-2 [MW2701 

MU 31.13 (MW 48S, tri-TMS) 





dihydrofactor-2 (MW 272] 

MU 28.42 <MW 488. tri-TMS) 




OH "-s,.*!*^ 

tetrahydrofactor-2[MW2741 r u„Hr^ ^ ^ \. °" 

MU 27.53 trans (MW562.tena-7MS) °-ny«?roxy-dehydroequol 

MU 27,87 CIS (MW 562; (etra-TMS) fMW 256J 

2-dehydro-5-OH-ODma m«J 29.33 (mw 472. w^tms) 

[M W 272]: MU 27.20 (MW 560. tetra-tMS) 





110 



5-hydroxy-ODrna fMW274] 

MU 26. 12 (MW 520. tetra-TMs). B-nydroxy-equol [MW 2581 

MU 2B.0a (MW 474, trt-TMS) 

SCHEME 1 

Conv ^" compounds of the present invention is chemical .vnthesis 

Conveniently. Factor 2 or a naturally-occuning isoflavone such as glycitein zna^e'tiird 

compounds of the .nvem.on utilising glycitein as the starting material In Lh J. -,! 
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Scheme 2A 




6-hydro>cyequol tetrahydrofactor-2 6-hydroxy-dehyclroequol 

Scheme 2B 

Compounds of the equo) or dehydroequol series may also be prepared from the 
corresponding dihydroisoflavone (exemplified by compound 2 in Scheme 2a) by reduction 
5 of the carbonyl and dehydration of the resulting alcohol to give a compound of the 
dehydroequol series, and optionally catalytically hydrogenating the double bond in the 
pN'ran ring to yield the corresponding compound of the equol series. 

Unlike the isoflavonoid metabolites of the daidzein and genistein series, those of 
•ilyciiein have the synthetic advantage thai the vicinal hydroxyl groups in the A-ring allovv a 
10 number of protective functional groups such as the ketals and boronaces to be formed easily. 
In che scheme (Scheme 3) below, the synthesis of compounds of Formula H is demonstrated 
using a 1.2.4-benzenetriol substrate which has been protected as an n-butyl boronate 
dcri\ative formed using commercially available n-buiylboronic acid according lo methods 
adopted in similar protective reactions [Joaimou, G.E. and Reeder. A.Y., Sieroids 61 1 1-17. 
15 ( 1 996)]. Other alkyl boroHates can be used. 
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Synthesis of 4* Methoxy-S-Hydroxy-O-Dma and similar molecules 




NaOH 2M 

Hydrogen peroxide 30%v5^v 

▼ 




Scheme 3 

In Scheme 3, one ofRi and R2 is OH or OCH3 and the other is OH or OCH5. For 
the synthesis of compounds of Formula II in which is OCH:,, the free hydroxy! group in 
the boronate intermediate shown above may be mciliylated, for example by reaction with 
methyl iodide or methyl sulfate. It will be appreciated that when Ri or R2 is OH, it may 
require protection. When Rj and Rj are both OH, they may be protected as a cyclic 
boronate. ketal or carbonate. 

Instead of using n-butyJboronic acid, formation of protective functional groups may 
alternatively be achieved using cyclic carbonates, cyclic acetals or ketals as shown in 
Scheme 4A below. Partial mcthylation can also be used as shown in Scheme 4B below. 
Otlier protective groups for catechols are described in Chapter 3 of Greene, T, W, and Wuts, 
P.G.M.: Protective Groups in Organic Synthesis (2"'' Edition) (1991) John Wiley & Sons, 
Inc. USA; die disclosure of which is incorporated herein by reference. Compounds of the 
invention in which Ri is H and R2 is OH or OCH3 or in which R| and R2 are both OH or 
OCHri may be synthesised by analogous procedures to that shown in Scheme 4A but starting 
with 2-(3-methoxyphenyl)propanoic acid or 2-f3,4-dimethoxyphenyl)propanoic acid instead 

IG7 
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of ihe corresponding 4-methoxyphenyl derivative. Similarly, compounds of formula (II) in 
accordance with this invention, in which one of R:i and R4 is may be pi^pared by an 
analogous procedure beginning with reaction of resorcinol or hydroquinone. suitably 
proiccied. wiih polypliosphoric acid. 
5 Cyclic carbonates, Acetals or Ketals 




Scheme 4A 



n 




wo 00/66576 PCT/AUOO/00392 

Synthesis of 4'-Methoxy Factor-2 
and 

2'-Methoxy- and 4'-Methoxy-Compound A 




2'-Methoxy<k»mpound A 4'-IVIethoxy-Compound A 

5 Scheme 4B 

Funhermore formation of cyclic protective groups such as those described above will 
ailow tlie synthesis of a number of the isoflavonoid compounds proposed which are 
nomially difficult xo obtain synthetically as in the case of tlie cetrahydro. dehydro and equol 
analogues of ^lycitein or its demethylated analogues. A schematic representation (Scheme 
10 5) is given below using 4\6,7-trihydroxyglycitein as an example. 



1^ 




Tetrahydro derivative (trans 
/cis isomers) 




dehydroequol derivative derivative 

Scheme 5 

When necessary, hydroxyl groups in the compounds shown in Schemes 1-5 above, 
may be methylated and/or protected and deprotected, to give other compounds of formula I 
or II. Suitable protecting groups are described in the work of Greene and Wills referenced 
above. 

Compound A may be prepared by the following synthetic scheme 6: 
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CH^O^^^^v,^^ OCH3 
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HO 



Demethylation 
4 eq BBfg 

CH2CI2 



.OH 



OCH, 




5-Hyd roxy-0"Dma 
Compound A 

Scheme 6 

Compound B and related compounds of formula (1) or (II) may be prepax ed as shown 
in Scheme 7. in which R is CH3, R' is C2H5, R| - R4 are each H . OH or OCH3, and R', - RU 
5 are each H or OH, subject to the proviso that in the final product of fomiula (I) or (II) Rj 
and RS are both OH and/or R'3 and R'4 are both OH. 
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PPA 
70 C. 1h 



t 




(CH20);j;, Base 

NaOH/EtOH 
70 C, 1h 




I0eq BBra 
CH2CI2 
rt. 3 days 

V 




\v NaOAc, 
MeOH 




Scheme 7 

In the above Scheme 7, the base is typically an organic amine, such as dimethylamine, 
oi- an alkali metal hydroxide, carbonate or bicarbonate. 
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In the synthesis of 4\6.7-trihydroxyisoflavone (S-deoxydihydroglycitein) shown in 
Scheme 7 above, the two intermediates obtained in the penultimate step prior to the 
demethylation with BBr3 arc not easily separated. However, it was found that a simple 
rccn sialli/Knion procedure using meihanol/water provided a quick method of separation and 
purification of the two intermediates. A similar procedure may be applied to ihc isolation of 
the methylated precursors of daidzein and genistein. namely formononetin and hiochanin A 
which arc present in clover and soya. Complete melhylation of formononetin and biochanin 
A may further enhance the process of rccrystallizalion of these two isoflavonoid precursors, 
isolated formononetin or its fully methylated analogue can be used as a substrate for the 
chemical or microbial transformations to give Factor 2 or any of the compounds of Formula 
\ or II defined above- 
As an example, fomiononetin or its methylated analogue may be isolated from a rich 
source such as clover or soya for subsequent microbial transformation to Factor 2 or a 
compound of formula I or 11. Alternatively, isolates of clover extracts containing 
formononetin and daidzein may be fermented to produce Factor 2 or its methylated 
analogue for extraction with water and/or an organic solvent. As a further possibility. 
Factor 2 and compounds of fomiula I or II, itiay be obtained by chemical transformation of 
formononetin. daidzein, glycitein or other naturally-occurring isoflavones as described in 
more detail above. 

The compounds of the fomiulae I or II, or Factor 2, may be administered in a manner 
as is generally known in the art. The dosage utilised will depend upon a number of factors 
including the specific application, the condition being treated, the mode of administration, 
the state of the subject, the route of administration and the nature of the particular 
compound used. 

Typically, a daily dose amount of a compound of the invention, such as any of the 
compounds of structures (III) to (VIII) which is required in a therapeutic treatment 
according to the invention, is in the range of 0. 1 mg to 2 g; more typically from 0.5 mg to 1 
g: even more typically from 50 mg to 500 mg; most typically from 50 to 250 mg. 

In the production of a pharmaceutical composition of the present invention any one or 
more of the compounds of formulae I or II, or Factor 2, is/are typically admixed with one or 
more pharmaceutically acceptable carriers, adjuvants, diluents and/or excipients as are well 
known in the art. 

Tlie carrier must» of course, be acceptable in the sense of being compatible with any 
other ingredients in the composition and must not be deleterious to the subject. The carrier 
or cxcipient may be a solid or a liquid, or both, and is preferably formulated with the 
compound as a unit-dose, for example, a tablet, which may contain from 0,5% to up to 
1 00% by weight of tlie active compoimd. 

Typically, one or more of the compounds of structures (IH) to (VIIl) may be 
incorporated in the compositions of the invention, which may be prepared by any of the well 
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known techniques of pharmacy consisting essentially of admixing the components, 
opiionally including one or more accessory ingredients. 

The compositions of the invention are typically formulated to include those suitable 
Ibr rectal, optical, oral, buccal, parenteral (for example, subcutaneous, intramuscular, 
5 imradcm^aK or imravenous) and transdermal administration, although the most suitable 
rciuie in any given case will depend on the nature and scvcricy of the condition being treated 
and on die nature of the particular active compound which is being usjed. 

For parenteral administration, the compoand($) of the invention may be prepared in 
.sterile aqueous or oleaginous solution or suspension. Suitable non-toxic parenterally 
10 acceptable diluents or solvents include water. Ringer's solution, isotonic salt solution, 1,3- 
butancdioL ethanol, propylene glycol or polyethylene glycols in mixtures with water. 
Aqueous solutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include sodium acetate, sodium citrate, sodium borate or sodium 
tartrate, for example. 

15 Compositions of the invention may be prepared b\' means known in the an for the 

preparation of compositions (such as in the arc of preparing veterinary and pharmaceutical 
compositions) including blending, grinding, homogenising, suspending, dissolving, 
emulsifying, dispersing and where appropriate, combining or mixing of the compound(s) of 
any of i-orrnulae I or II, or Factor 2 together witli tlie selected excipient(s), carrier(s), 

20 adjuvant(s) and/or diluent(s). 

Compositions formulated as suitable for oral administration may be presented in 
discrete units, such as capsules, cachets, lozenges, or tablets, each containing a 
l^redetermined amount of the preferred active compound; as a solution or a suspension in an 
aqueous or non-aqueous liquid; as a powder or granules: or as an oil-in- water or water-in-oil 

25 emulsion. For example, compressed tablets may be prepared by compressing any one or 
more compounds of formulae I or II, or Factor 2, in a free-flowing fonn, such as a powder 
or granules, opiionally mixed witli a binder, lubricant, inert diluent, and/or surface 
acti\'e/dispersing agent(s). Moulded tablets may be made by moulding, in a suitable 
machine, a powdered compound of any one of formulae I or 11, or Factor 2, moistened with 

30 an inert liquid binder. 

Solid forms for oral administration may contain phamiaceutically or veterinarily 
acceptable binders, sweeteners, disintegrating agents, diluents^ flavourings, coating agents, 
preservatives, lubricants and/or time delay agents. Suitable binders include gum acacia, 
Lielaiin, com starch, gum tragacanth, sodium alginate, carboxymethylcellulose or 

35 poly ethylene glycol. Suitable sweeteners include sucrose, lactose, glucose, aspartame or 
saccharine. Suitable disintegrating agents include corn starch, methylcellulose, 
pol> viny]pyrroHdone, xanthan gum, bentonite, alginic acid or agar. Suitable diluents 
include lactose, sorbitol, mannitol, dextrose, kaolin, cellulose, calcitim carbonate, calcium 
silicate or dicalcium phosphate. Suitable flavouring agents include peppermint oil, oil of 

^0 wintergrcen. cherry, orange or raspberry flavouring. Suitable coating agents, include 
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polymers or copolymers of acrylic acid and/or methacrylic acid and/or tlieir esters, waxes, 
laity alcohols, zein, shellac or gluten. Suitable preservatives include sodium benzoate, 
vitamin E. alpha-iocopherol, ascorbic acid, methyl paraben, propyl paraben or sodium 
bisulfite. Suitable lubricants include magnesium stearate, stearic acid, sodium oleate, 
5 sodium chloride or talc. Suitable time delay agents include glyceryl monosiearaie or 
glyceryl distearaie. 

rjquid forms for oral administration may contain, in addition to the above agents, a 
liquid carrier. Suitable liquid carriers include water, oils such as olive oil, peanut oil, 
sesame oil, sunflower oiU safflower oil, arachis oil, coconut oiK liquid paraffin, ethylene 
10 glycol, propylene glycol, polyethylene glycol, ethanol, propanoL isopropanol, glycerol, fatiy 
alcohols, triglycerides or mixtures thereof. 

Suspensions for oral administration may further comprise dispersing agents and/or 
suspending agents.. Suitable suspending agents include sodium carboxy-methylcellulose, 
methylcellulose. hydroxypropylmethyl-cellulose, polyvinyl-pyrrolidone, sodium alginate or 
15 cetyl alcohoL Suitable dispersing agents include lecithin, polyoxyethylene esters of fatty, 
acids such as stearic acid, polyoxyethylene sorbitol mono- or di-oleate, -stearate or -laurate« 
polyoxyethylene sorbitan mono- or di-oleate, -stearate or -laurate and the like. 

The emulsions for oral administration may further comprise one or more emulsifying 
agents. Suitable emulsifying agents include dispersing agents as exemplified above or 
20 natural gums such as gum acacia or gum tragacanth. 

For parenteral adminisiration, the active compound(s) of Formulae I or 11 or Factor 2 
may be prepared in sterile aqueous or oleaginous solution or suspension. Suitable fion-coxic 
parenterally acceptable diluents or solvents include water, Ringer*s solution., isotonic salt 
solution, 5% dextrose in water, buffered sodium or ammonium acetate solution, 1,3^ 
25 butanediol. ethanol, propylene glycol or polyethylene glycols in mixtures with water. 
Aqueous solutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include sodium acetate^ sodium citrate, sodium borate or sodium 
tanrate. for example. These preparations suitable for parenteral administration, arc 
preferably administered intravenously, although administration may also be effected by 
30 means of subcutaneous, intramuscular, or intradermal injection. Aqueous solutions for 
parenteral administration are also suitable for administration orally or by inhalation. 

Typical parenierally administered preparations may conveniently be prepared by 
admixing one or more of the compounds of stmctures (III) to (VIII) with water or a glycine 
buffer and rendering the resulting solution sterile and isotonic with the blood. Injectable 
35 tbrmulatioiis according to the invention generally contain from 0,1% to 70% w/v of active 
compound and are typically administered at a rate of 0. 1 ml/minute/kg. 

For rectal administration, the compound(s) of Formulae I or II or Factor 2 is suitably 
administered in the form of an enema or unit dose suppository. A suitable suppository may 
he prepared by mixing tlie active substance with a non-irritating excipient which is solid at 
4o ordinary temperatures but which will melt in the rectum. Suitable such materials are cocoa 
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butter, waxes, fats, glycerol, gelatin and polyethylene glycols. Suitable enemas may 

comprise agents as exemplified above with reference to forms for topical administration. 

Suiiably. an inhalation spray comprising a compound(s) of Formulae I or II or Factor 

2 will be in the form of a solution, suspension or emulsion as exemplified above. The 
5 inhalation spray composition may funher comprise an inhalable propellant of low toxicity. 

Suitable propeliams include carbon dioxide or nitrous oxide. 

The pharmaceutical composition may contain phamiaceutically acceptable binders, 

diluents, disintegrating agents, presers'atives, lubricanis, dispersing agents, suspending 

agents and/or emulsifying agents as exemplified above. The veterinary composition may 
10 contain veterinarily acceptable binders, diluents, disintegrating agents, preservatives, 

lubricants, dispersing agents, suspending agents and/or emulsifying agents as exemplified 

above. 

The in\'ention includes compositions which are used for topical application which 
may be a cream, ointment, paste, solution, emulsion, lotion, milk, jelly. geK spray, aerosol. - 
15 oil. stick, roll-on or smooth-on, wherein the active compound comprises up to about 90%, 
more uypicaily 10%, by weight of the composition, even more typically from about 0.1% to 
about 5% by weight, for example 3.5% by weight, even more typically from 0,5% to 2% 
wAv, and the compositions include topically suitable carriers, diluents, excipients, adjuvants 
and other addiiives. 

20 Illustrative of pharmaceutical ly or cosmetically topically acceptable carriers or 

diliients are demineralized or distilled water; saline solution; vegetable based oils such as 
peanut oil. saffiower oil, olive oil, cottonseed oil, maize oil, sesame oil, aracliis oil or 
coconut oil: silicone oils, including polysiloxanes, such as methyl polysiloxane, phenyl 
poiysiloxane and methylphenyl polysiloxane; volatile silicones; mineral oils Siuch as liquid 

25 paraffin, soft paraffin or squalane; cellulose derivatives such as methyl cellulOs<ie, ethyl 
cellulose. carboxymeUiylcellulose, sodium carboxymethylcellulose or hydroxypropyl- 
methylcellulose; lower alkanols, for example ethanol or iso-propanol; lower aralkanols; 
lower polyalkylcne glycols or lower alkylene glycols, for example polyethylene glycol, 
polypropylene glycol, ethylene glycol, propylene glycol, 1,3-butyIene glycol or glycerin; 

30 fatty acid esters such as isopropyl palmitate, isopropyl myristate or ethyl oleate; 
polyvinylpyrrolidone: agar; carrageenan; gum tragacanth or gum acacia, and petroleum 
jeJly. Typically, the carrier or carriers will fomi from 10% to 99.9% by weight of the 
composition. 

Adjuvants typically include emollients, emulsifiers. tliickening agents, preservatives, 
35 bacteriocides and buffering agents. 

Emollients suitable for inclusion in a topical composition of the invention include 
faity esters such as isopropyl myristate, cetyl acetate, diisoproj^yl adipate or C,, - Cm alcohol 
benzoates: farty alcohols such as lauryl alcohol, myristyl alcohol, cetyl alcohol, siearyl 
alcohol or ceiostearyl alcohol; mineral and vegetable oils such as, aloe vera and jojoba oil; 
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lecithin: Vitamin E: lanolin; sorbitol and glycerin. Typically, the emollient or emollients 
will form from 10% to 99.9% by weight of the composition- 
Suitable thickening agents include sodium stearate, calcium sieamtc, magnesium 
siearaie, calcium palmitate and magnesium palraiiaie. dextran. dexirins. starcli and starch 
b products, gelatin, cellulose derivatives as exemplified above, collagen, water soluble 
polymers such as carboxyvinyl polymer, polyvinyl alcohol or polyvinyl acetate, pectin, 
xanihan gums, bcntonite, hyaluronic acid, fumed silica and the like. Typically, the 
ihicUcninii agent or agents will form from 0. 1% to 20% by weight of the composition. 

Typical preservatives include ascorbic acid and its salts, erythorbic acid and its salts, 

;o eih\ 1 and iso-propyl p-hydroxybenzoates, benzalkonium chloride, benzyl alcohol, 
phen}'lethanol and glydant chlorobutanol. Typically, the preservative or preservatives will 
Jbmi from 0. 1 % to 1 2% by weight of the composition. 

Suitable buffering agents are salts of boric, acetic, phosphoric, citric, malic, silicic 
acids and the like, for example sodium citrate, sodium bicarbonate, sodium acetate and 

15 sodium phosphate. Additionally or alternatively, the free acids may be used, together with 
an alkali such as sodium hydroxide, sodium carbonate, sodium bicarbonate, potassium 
hydroxide, potassium carbonate or potassium bicarbonate. Typically, the buffering agent or 
agents will form from 0.1% to 20% by weight of the composition. 

Emulsifiers may also be included in a topical composition of the invention. 

20 Illustrative nonicnic emulsifiers include fatty acids such as oleic acid, stearic acid and 
palmitic acid: esters of lactic acid, tartaric acid, ascorbic acid or citric acid; polyalkylene 
glycol esters such as polyoxyethylene glycol monostearates, polyoxyethylene glycol 
monolaurates: polyoxyethylene glycol distearates or polyoxyethylene glycol dilaurates; 
polyalkylene glycol ether derivatives of aliphatic or cycloaliphatic alcohols such as 

25 polyoxyethylene nonylphenol ether, polyoxyethylene cetyl ether or polyoxyethylene steaiyl 
ether: hexitan esters, for example sorbitan monolaurate, sorbitan monooleate, $orbitan 
disiearate. sorbitan tristearate, sorbitan dilkurate or sorbitan trllaurate: fatty esters such as 
giv'ceiyl monostearate, ethylene glycol monostearate. propylene glycol monostearate or 
butylene glycol monostearate; sorbitol and etlioxylated sorbitol esters of fatty acids such as 

30 polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan monolaurate, polyoxy- 
ethylene sorbitan monooleate, polyoxyethylene sorbitan distearate, polyoxyethylene 
sorbitan dilaurate, polyoxyethylene sorbitan dioleate, polyoxyethylene sorbitaii tristearate, 
polyoxyethylene sorbitan trilaurate or polyoxyetliylene sorbitan trioleate; long-chain 
alcohols such as lauryl, myrisiyl, stearyl, oleyl, cetyl or ceiostearyl alcohol; polysaccharides 

35 such as starch and starch derivative, cellulose derivatives as exemplified above, agar, 
tragacanth, acacia and alginic acid; and steroidal derivatives such as lanolin alcohols or 
eihoxylated lanolin alcohols, and beeswax. Illustrative ionic surfactants include 
iriethanolamine and amine soaps such as triethanolamine stearate: anionic soaps such as 
calcium or magnesium salts of stearic acid or palmitic acid: fatty alcohol siilfates* for 

AO example sodium lauryl sulfate: alkyl or axalkyl sulfanates such as sodium sulfosuccinates or 
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sodium dodecylbenzenesulfonaie; quaternary ammonium sahs containing at least one long- 
chain alkyl group as N-substiment^ for example stearyl trimeihylammonium chloride, and 
phosphate esicrs of polyalkylene glycols. Typically, the emulsifier or eniulsifiers will form 
IVom 0.1% to 99% by weight of the composition, 
5 The topical compositions of the invention may further include a sunscreen. Suitable 

sunscreens include opacifiers such as titanium dioxide or zinc oxide; p-aminobenzoic acid, 
isobuiyl p-aminobenzoate, glyceryl p-aniinobenzoate, or N-substituied derivatives of p- 
nminobenzoic acid such as isoamyl p-dimethylaminobcnzoate, penlyl p-dimcihylamino- 
bcnzoale. octyl p-dimethylaminobenzoate or ethyl 4-[bis(2-hydroxypropyl)amino]bcnzoate; 
10 2-hydroxy-l.4-naphthoquin.one; octocrylene: octyl p-methoxycinnamate or 2-ethoxyethyl p- 
metboxycinnamaie: salicylate esters such as octyl salicylate, homomemhyl salicylate or 2- 
[bis(2-hydroxyethyl)-amino]ethyl salicylate; oxybenzone and methyl anthranilate. 
Typically, the sunscreen or sunscreens will form from 0.1% to 10% by weight of the 
composition. 

15 Additionally, it will be understood that the topical compositions of the invention may 

. include suitable colouring agents and/or perfumes well known in the an. Typical examples 
ol\suitable perfuming agents are provided in S. Arctander, "Perfume and Flavor Chemicals", 
Montciair. New Jersey, -1969, 

Formulations suitable for transdermal administration are typically presented as 
20 discrete patches adapted to remain in intimate contact with the epidermis of the recipient for 
a prolonged period of time. Such patches suitably contain at least one compound of 
fonmulae I or II, or Factor 2, preferably one or both of compounds A and B. as an optionally 
buffered aqueous solution of, for example, 0,1 M to 0.5M concentration with respect to the 
said active compound. More typically, one or both of compounds A and B are present in a 
25 concentration of 0.1-0.3M concentration. 

The active compounds of fomiulae I or II may be provided in the fomi of food and/or 
drink compositions, such as being added to, admixed into, coated or combined with a food 
or drink product. 

Typically, food and drink compositions of the present invention are dairy based. 
30 More typically, one or more of compounds of structures (111) to (VIII) are combined or 
otherwise formulated into a dairy based food or drink product such as a milk drink or 
supplement, and a chilled or frozen dairy product such as a dairy based dessert. 

Therapeutic methods, uses and compositions may be for administration to humans or 
animals, including domestic animals, birds (including chickens, turkeys, ducks), livestock 
35 animals (such as cattle, sheep, pigs and goats) and the like. 

It will be appreciated that the examples referred to above arc Illustrative only and 
other suitable carriers, diluents, excipients and adjuvants known to the art may be employed 
v\ithout departing from the spirit of the invention. 

Embodiments of the invention will now be described with reference to the following 
40 non-limiting Examples. 
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EXAMPLE 1 

5-hydroxy-O-deinethyiangolensin (Compound A) (J-(2,4,5-trihydroxyphenyl)-2-(4'- 
liy d roxj'phcny l)-propan-l-one] 

1 A?; product of lithium aluminium hvdridg reduction reaction from aivciicin 
5 Glycitein (20.16 mg, 0.75x10"' mol) was weighed out and dried under vacuum. The 

dried glyciiein was dissolved in anhydrous THF (-3.0 ml) and to this solution 10 eq of 
LiAlH^j (1.0 M in ether) was added dropwise at room temperature. The reaction was 
allowed lo siir at room temperature overnight, then refluxed lor 5 hr. After workup the 
soluiion was filtered through celite using meihanoL The filtrate was concentrated and 

10 analysed by GC and HPLC (MeOH/H20 40:60). Among the products separated by GC 
ihoise at MU 25.69 and 28.65 were tlie major ones. After isolation of the two major 
products by preparative HPLC, these were analysed by GC-MS characterising them as 
-derivatives of Compounds A and B respectively. Demethylation of these products was 
achieved by boron tribromide in dichloromethane at room temperature for . three days 

15 accordini: lo Bannwart C el aL, (Finn. Chem. Lett, 1984, Vol 1 1, p 120). In performing tlie 
GC-MS. a 30 metre SE30 capillary column wa$ used with temperature program of 200- 
230'=*C at increments of 2^C/min, and 230-280^C at increments of 10°C/min, The carrier 
gas was helium. 

2. As a product of acvlation reaction 

20 Step 1: Formation of 2,4,5,4^-tetramethoxy-cii'methyldesoxybenzoin. To a mixture of 

2-(p-methoxyphenyl)propionic acid (0.20 g, 1.11 mmol) and polyphosphoric acid (5 gm), 
lJ,4-irimethoxy benzene (0.186 g, 1.11 mmol, 0.166 ml) was added. The mixture was 
allowed to heat to 75°C while stirring for 6 hours. TLC (30% EtOAc:Hexane) and gas 
chromatography (GC) and gas chromatography-mass spectrometry (GC-MS) analyses 

25 confirmed die presence of two major products with MU values of 24.68 and 25.01 (ratio 
1:4). Chromatography on silica column (30% EtOAcrHexane) allowed the isolation of the 
two products. Product MU 24,92 was isolated as a crystalline low melting solid. NMR data 
and GC-MS data confirmed the above structure. A 42% and 11% yield was obtained for 
products MU 25.01 and MU 24.68 respectively. 

30 Step 2: Formal ion of 2,4,5,4 ''ietrahydroxy-CL-7nethylcl<isoxybenzoin. The product 

2.4-5,4'-tetramethoxy-a-melhyldesoxybenzoin (MU 25.01: 0.063 g) obtained from Step 1 
above was dissolved in anhydrous dichloromethane (30.0 mL) and boron tribromide (0,271 
1.08 mmol) was added to the solution. The mixture was allowed to stir at room 
temperature for 24 hours under nitrogen. TLC (30% EtOAcrhexane) established the 

35 presence of a single product which on GC analysis as the trimethylsilyl ether gave a single 
peak at MU 26.01. After workup with ice/water the product was extracted with diethyl 
etlier, washed witli water, dried and concentrated to give a crude yellow oil, wliich by NMR 
and GC'MS data was confirmed to be 2,4,5,4 '-tetrahydroxy-OL-niethyldesoxybenzoin. 
iVlass S pectra Data (ElMS: electron ionisation; CIMS: Chemical ionisation: ^ High 

40 resolution: HR) 
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. HR: 274.084267, theoretical 274.084267. 

ElMS: nVz(%rel hit) 274.[M]+ (14). 153 (100); 121 (29). 77(8). 

KIMS as the tetra-trimethylsilyl derivative: 562(1.6): 547(4.7); 457(1.6 ); 369(100): 281 
(6.7 ): 193 (5.4); 147 (2.7). 
5 CJN4S as ibe LeLm-irimcthylsilyl derivative: 1 =563(75): 547(59): 491(15); 370 (31); 
369(100); 193(22). 
NMR Data 
'H n.m.r. 

(Aceione-d6. 2_05 ppm) 5 1.39 (3H, d, J=7.2M2, CH,), 4.62 (IH, q, J=7.2 Hz. CH). 6.29 
10 ( 1 H. s. ArH-3). 6.75 (2R d, J= 9.2 Hz, ArH-3\5^). 7.17 (21-1. d. J=9.2 Hz. ArH-2\6'), 7.33 
( IH. s, Ar-6) 8.73 
'-'C n.m.r. 

(Acetone-d6, ppm) 18.73, 45.59. 103.05, 110.845, 115.38, 115.58, 128.51. 132.96, 137.60, 
153.86, 156.25.159.85.204.77. 
16 UV: - 283 nm 

EXAMPLE 2 

5-deoxydihydroglycitein (Compound B) 

Compound B was obtained in a series of reactions ai; illustrated in Scheme 7, 
involving an acylation reaction, formation of an a-alkenyl ketone and 

20 cycHsation/demethylation. In brief. 2-4j5-trimethoxyphenyl-4'-methoxybenzy1 ketone was 
obtained as an intermediate in an acylation reaction using L2,4-trimethoxy benzene (5.9 
mmol), 4-methoxyphcnylacetic acid (5.9 mmol) and polyphosphoric acid (17 gm) after 
htsaiing at 70°G for one hour witli mechanical stirring. Potassium carbonate was then added 
to the reaction for another one and half hours. The crude product was purified by 

25 recrysiallizaiion from ethyl acetate and light petroleum to give light yellow crystals (75% 
yield). The a-alkenyl ketone was subsequently obtained by a modification of 
Gandhidasan's method (Gandhidasan R et aL^ SynthesL\\ 1982, 1110). In brief, to a 
suspension of 2,4,5-trimethoxyphenyI-4'-niethbxybenzyJ ketone in eihaiiol, para- 
formal deh^'de and N,N-dimethylamine was added and the mixture was allowed to reflux 

30 while heated for one hour. When the reaction was complete, the precipitate was filtereci and 
the filtrate was concentrated in vacuo, after which the residue was dissolved in ethyl acetate 
and washed with water. The organic layer was dried with magnesium sulphate and filtered, 
and the solvent was removed to give the crude product. On purification by flash 
chromatoizraphy two compounds were obtained in 57% yield. Fractional recrystallization of 

35 the mixture gave I-(4-mcthoxyphenyl)-l-(2,4,5-trimethoxybenzoyl)ethyIene as the major 
product (-41%) and a-ethoxymethyl-2,4,5-trimetboxyphenyl-4'-methoxybcnzyl keione as 
the minor product (-17%). The method provided the best yields when 1% potassium 
bicarbonate is used instead of the dimethylamine in tlie methylation step. 
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When sodium hydroxide was used instead tlie percentage yield was lower namely 
3f>% and 14% respectively for these two products. The desired dihydro product Compound 
B (6.7.4'-lrihydroxyisoflavonc) was finally obtained by demeihylaiion of 1 -(4-methoxy- 
phcnyl)-l-(2.4,5-trimethoxybenzoyl)cthylene using boron tribromide in dichloromethane at 
b rooni lemperature for three days according to Bannwait C e/ ci/,, Finn. Chem. Lett. 11 120 
(1984) followed by cyclisation of the resulting brominatcd intermediate by sodium acetate 
in mclhanoL 

In the fonnation of the a-alkenyl ketone in the absence of a base the reaction will not 
proceed and the starting material will remain unchanged. The good yield of this method 
10 provides a good chemical method for the synthesis of a number of the dihydro derivatives of 



daidzein. genisiein or glycitein. 

Mass Spectra Data (EIMS electron ionisaiion: CIMS Chemical ionisation: High resolution 

HRy 

Compound B: HR: 272.0673 theoretical 272.0673 
IS EIMS: m/z (% rel. int.) 272 [M]+ (31), 244 (9); 168(7); 153 (100): 120 (40): 107 (27): 91 

CIMS: 301 M+29 (14); 273 M+I (52); 257 (37); 137 (23); 97 (17); 83 (45); 71 (100). 
EIMS as the tri-trimethylsilyl derivative: MU 28.48. MW 488; 488 (14); 473 (7); 369 (30); 
296 (100): 281 (9); 192 (27); 177 (24); 147 (9). 
20 NMR Data 

llL_QJ2lX-(Acetone-d6) 5 2.05 ppm (IH, dd. Jj.scq = 5.0 Hz. J3.2ax = 9.5 Hz, H-3), 4.14 (IH, 
dd, J2,x^cc, = 9,7 Hz, J J2axj3 - 9.6 Hz, H 2a>:), 4.99 (1 H, dd, J 2<q.2nN= 9.8 Hz. J 2eq,3 = 4.9 Hz, 
H 6.38 (IH, s. ArH-8). 6.82 (2H, d, J=8.6 Hz. ArH-3\5'), 7.27 (2H/d. J= 8.6Hz, ArH- 
2\6'), 7.46 (IH, s, ArH-5). 
25 n.m.r. (Acetone-d6, 29.8 ppm) 6 33.5, 54.6, 103.9, 1 1 L9, 116.6, 128A 129.3, 138.78, 
155.2,158.0, 160.4,201.8. 
UV: >.,,,-v = 284 nm 



l-(2,4-dihydroxyphenyl)-2-(3*,4'-dihydroxyphenyl)-l"Oxo-2-propene (3'-hydroxy-0- 
3d demechyldehydroangolesin); structure (Vl) 

1 . J -{2. 4'dihydroxyphenyl)-2'(3 \ 4 '-dihydroxyphenylJ-J-oxo-ethane 

A mixture of 1,3-dimethoxybenzene (2.00 g, 14.47 mmol) and ,3,4- 
diemthoxyphenylacetic acid (2.84 g. 14.47 mmol) in polyphosphoric acid was heated at 
80^C for 2 hours. After cooling, the mixture was poured onto ice water and the water was 
35 extracted with ethyl acetate (50mL), The combined organic phases were washed with 
w^ter. sodium bicarbonate solution and water and dried over anhydrous magnesium sulfate. 
Evaporation of ilie solvent gave light yellow crystals of l-(2,4-dihydroxyphenyl)-2-(3\4'- 
dih\ droxyphenyl)-l-oxo-ethane which were purified by recr>'Stallisation. 



EXAMPLE 3 



2>0 
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2. 1 -(2.4'dime(hoxyphenyl)-2-(3 \4'-clinie(hoxyphenyl)'J-oxo-2-ptopene and J'(2,4-di- 
ni(£ihoxy*phenyl)~2-(3 \ 4 * -dimethoxy phenyl) - 1 -oxo- 3 ^eihoxy -propane 

A mixture of the produci of step 1 (3.504 11.08 mniol). 95% paraformaldehyde 
(1.275 u. 46.66 mmol) and N.N-dimethylamine (5.6 mL. 46.66 mmoi; in ethanol (58 mL) 
5 was healed under reflux for one hour. Then potassium carbonate (1.612 g, 1 1.67 mmol) 
w ns added lo tlie mixture and heating under reflux was continued for a further three hours 
alier which the precipitaic was removed by fikration and the solvent was removed under 
reduced pressure. The residue was dissolve in ethyl acetate and the soluiion was washed 
witli water. 0.2M HCl and water, dried over magnesium sulfate and concentrated to give a 
10 yellow oil. l-(2.4-dimethoxyphenyl)-2-(3 \4'-dimethoxyphenyI)'l -oxo-2'propene was 
separated from 1 -('2.4-dimedioxyphenyl)-2-(3 \4'-dimethoxyphenyl)-l-oxo-3-ethoxy- 
propane by column chromatography with a mobile phase of 40%ethyl acetate in hexane. 

3 . l-<2. 4-dihydtoxyphenyl)''2-(3 \ 4 '''dihydroxyphenyl)-I-oxo-2-propene 

0.406 g (1.08 mmol) of l-(2,4-dimeThoxyphenyI)-2-(3\4'-dimethoxyphenyl)-I-oxo.3- 
15 clhoxy-propane were reacted with boron cribromide (10.84 mmol) in 22 mL 
dichloromethane for three days by Lhe method of Baiinwan C, et al.. Finn. Chem. Leit. 11 
120 (1984). Workup and eliromatography of the reaction product afforded l-(2,4- 
dihydroxyphenyl)-2-(3\4'-dihydroxyphenyl)-l-oxo-2-propene as tlie minor product and 1- 
(2.4-dihydroxyphenyl)-2-(3 \4'-dihydroxyphenyl)- 1 -oxo-3-bromo-pr6pane as the major 
20 product. 

Mass spectral data (electron impact) for ]-(2,4-dihydroxyphenyJ)-2-(3\4'- 
. di]iydroxyphenyI)-l-oxo-2-propene as tetra-TMS derivative: m/z (% relative intensity) at 
209 (10), 267 (4.5), 281 (100). 545 (20). 560 (23). 

EXAMPLE 4 

25 7-hyclroxy-(3%4'-dihydroxyphenyl)-2^-dihydroisonavonc (3'-hydroxy-dihydro- 
daidzcin); structure (VII) 

0.157 g of l-(2,4-dihydroxyphenyl)-2-(3'.4^-dihydroxyphenyl)-l.oxo-3-brorao- 
propane- the major product of step 3 in Example 3. and about 2 molar equivalents of sodium 
aceiaie ware mixed with 88 mL of methanol and heated at about 60*=*C for 4 hours. After 

30 cooling; tlie mixture was acidified to pH 5 and the methanol was removed under reduced 
pressure. The residue was dissolved in ethyl acetate (50mL) and the solution was washed 
>vith water and concentrated. The crude produci was separated by column chromatography 
lo yield approximately equal amounts of 1 -(2,4-dihydroxyphenyl)-2-(3^4'-d^byd^oxy- 
phenyJ)-l -oxo-2-propene and 7-hydroxy-(3',4'-dihydroxyphenyl)-23-dihydroisoflavone. 

35 Mass spectral data (electron impact) for 7-hydroxy-(3\4'-dihydroxyphenyl)-2.3- 

dihydroisoflavone as tri-TMS derivative: m/z (% relative intensity) at 192 (7.2), 281 (100), 
473 (6.6). 488 (17). 
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EXAMPLE 5 

I.(2,4-dihydroxyphenyI)-2-(3%4'-dihydroxyphenyl)-l-oxopropane; structure (V) 

The title compound was obtained by catalytic hydrogenation of l-(2,4- 
dihydroxyplicnyl)-2-(3\4'-dihydroxyphenyI)-I-oxo-2-propene obtained as in Example 3 or 
5 Example 4. To a solution of 1 -(2.4-dihydroxyphenyl)-2 -(3 \4^-dihydroxyphcnyl)- 1-0X0-2- 
propene in methanol was added palladium on carbon, and hydrogen gas was bubbled 
vigorously Uirough the solution for ten minutes. Removal of the catalyst and evaporation of 
Ihe solvent afforded the title compound. 

Mass spectral data (electron impact) for I -(2.4-dihydroxyphenyl)-2-(3\4'- 
10 dihydroxyphenyD-I-oxopropane as tetra-TMS derivative: m/z (% relative intensity) at 209 
(5.8). 281 (100), 369 (2.4), 457 (1.2), 459 (1.3), 547 (4.0), 562 (1.2). 

EXAMPLE 6 

1 -(2,4,5-trihydroxyphenyl)-2-(4-hydroxy phenyl)-l-oxo-2-propcne (5-hydroxy-2- 
dchydro-O-Dma); structure (VUI) 

15 This compound was prepared as shown in Scheme 7 utilising methodology analogous to 
that described in Example 3. 

Mass spectral data (electron impact) for l-(2,4,5-trihydroxyphenyl)-2-(4- 
hydroxyphenyl)-^ -oxo-2-propene as teira-TMS derivative: m/z (% relative intensity) at 147 
(40), 281 (28). 369 (63), 370 (20), 545 (94). 546 (46), 560 (100). 561 (50). 562 (27). 

20 EXAMPLE 7 

Bacterial sp and culture conditions: 

The standard incubation assays of bacteria (100 mg wet wt) widi isoflavone substrates 
(5 X 10"^ M), the composition of the mineral salt medium and the isolation of the 
transformation products from the medium were essentially as described according to Klus, 

25 K. ei aL Arch. MicrobioL 164 428-434 (1995). The mineral medium and micronutrients 
vvere used according to Pfennig and Lippert (1966). in summary Bacterial sp were 
culiivaied on Merck Standard I nutrient agar and for incubation experiments for 15 hr in 100 
ml Merck Standard I nutrient broth. Prior to incubation the bacteria were washed twice with 
200 ml Kpi buffer (0-05M, pH 7,5). After centrifugation (10,000 g, 15 min) 100 mg 

30 bacteria (fr. Wt) were inoculated in 5 ml mineral medium and 50 |j.l substrate solution 
(DMSO-MeOH, 1:10) >\'as applied to the bacterial culture. Substrate concentration was 5 x 
10'^. The cultures were incubated in culture tubes (200 x 16 mm) in an orbital shaker at 200 
rpm. 30*='C. 

EXAMPLE 8 

35 Effects of isoflavi>no id phytoestrogens on the induced groivth of MCF^7 cells and other 
cells. 

Compound A was compared with genistein to test the cell viability of MCF-7 cells. 
Gcnisiein was known, prior to this invention, to be the most potent individual inhibitor of 
cancer cells in in vitro experiments. The cell viability was tested using the MTS in vitro 
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cyiocoxicity assay. This is considered the most convenient assay because of its eeise of use, 
accuracy and rapid indication of toxicity (Malich G el aL, Toxicology* 124(3): 179-92 
(1997). 

Tlie results obtained show that at high concentrations (40 micrograms/ml) of each. 
5 gcnisiein showed an inhibition at K 2, 3 and 6 days of incubation with an 1C50 of 32, 22, 15 
and 1 8 micrograms/ml, compared with IC50 values of 6, 6, 5 and 7 for Compound A for tlie 
same periods respectively. More importantly, Compound A inhibited the growth of MCF-7 
cells even at low concentrations, namely 2.5 micrograms/ml and as early as within 8 hours 
of incubaiion and at days I and 2. By contrast, other isoflavonoids including gcnistein at 
10 concentrations (<1 0 ^.M) enhance rather than inhibit the growth of MCF-7 cancer cells. 

IC50 values observed for other compounds of the invention against MCF-7 cells were 
as follows: 

Compound of structure; IC5b(^g/mL) 
aV) 6-10 

(y) 10-20 

(VI) 3.2 

(VII) about 28 

(VIII) <8 

Tlie compound of structure (VI) was also tested against PC3 and LNCap cells and the 
1C50 values observed were 6.2 and 7.0|Xg/mL respectively. 

15 EXAMPLES 

Comparatne inhibitory and proliferative effects of daidzein and genistcin, their 
methylated analogues and metabolites with 5-hydroxy*0-Dma (compound A) on 
MCF7 cells 

Jn vtrro cell tissue culture experiments with MCF7 breast cancer cells when 
20 incubated with 5-hydroxy-O-Dma (Compound A) showed significant inhibition as 
compared with gcnistein, daidzein or their methylated precursors, namely formononeiin and 
biochanin A or their metabolites for concentrations of 1 5-40 ^ig/mL This variation was 
more significant when cells were incubated for 8 hours where it was demonstrated that 
5-hydroxy-O-Dma had an IC50 of 6 jiig/ml as compared with that of genistein which had an 
25 IC50 of >40 i^g/ml for the same period of incubation. Subsequent incubations at 24hours, 
48 hours, 72 hours and 144 hours revealed that the IC50 value of 5-hydroxy-O-Dma 
remained basically unchanged; ie remained in the range of 4'7Mg/mL This is in contrast to 
the IC50 values obtained for gexiistein after incubations for 48 hours (IC50=38) and 144 
hours (IC50=«15ng/ml). 

30 For concentrations of less than or equal to 1 0^M of 5-hydroxy-O-Dma and genistein, 

no significant inhibition was observed. Hovi^ever, in the case of genistein, some 
prolifemrive activity of cancer cells was demonstrated at concentrations of less than or equal 
to J O^M- whereas 5-hydroxy-O-Dma showed no proliferative activity of cancer cells. 
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When daidzein^ formononetin, biochanin A and other metabolites of daidzein and 
j^enistcin such as dihydrodaidzein. tetrahydrodaidzein (transisomcr). O-Dma, 6-hydroxy-O- 
Dma and cquol were lesied for their inhibitory effect on MCF7 cells, it was found that with 
ihe exception of biochanin A and 6-hydroxy-O-Dma which showed some nihibition with an 
5 IC50 of 1 8-23 j-ig/ml at 72 and 144 hours incubation, all other metabolites had no s<Jignificant 
effect, vvjlh their IC50 values at about 36->50^g/ml. 

These results suggest that compound A i$ a potent inhibitor of breast cancer cells but 
more importantly, compound A showed no proliferative activiiy of cancer cells at low 
concentrations as genisiein does. The 6.7-dihydroxy groups in compounds of the invention 
10 appear to be critical for this difference of biological activity of compoimds of the invention 
when compared with analogues such as O-Dma and 6-hydroxy-O-Dma, 

EXAMPLE 10 

Comparative inhibitory effects of daidzein and genistein> their methylated analogues 
. and metabolites vdth 5-hydroxy-O-Dma (compound A) on breast cancer cells 

15 5 -Hydroxy- O-Dma when tested with MDA-MB-468 (estrogen negative) cancer cells 

showed significant inhibition at day 6 (IC50 — 6.8 |j.g/ml) as compared with 8.8 jig/ml for 
gcnistein and 3-7 times more inhibitive when compared with analogues of daidzein and 
genistein namely O-Dma (20 p.g/ml) and 6-hydroxy-O-Dma (43 jxg/ml) respectively. The 
IC50 of 5-hydroxy-O-Dma using MCF'7 estrogen positive breast cancer cells on day 6 of 

20 incubation was 2.1 jig/ml for 5-hydroxy-O-Dma as compared with the analogues of 
daidzein and genistein , namely O-Dma (38 i^g/ml) and 6'hydroxy-O-Dma (33 |ag/ml) 
respectively. 

These results suggest that inhibition of 5-hydroxyrO-Dma like that of genisiein. was 
more severe for the estrogen negative (-ve) cancer than that of the estrogen positive (+ve) 
25 cancer cells which siiggests that in both these cases the mechanism of action is not related to 
the estrogen receptors. 

EXAMPLE 11 

Inhibitory effects of Factor-2 on breast cancer cells 

Factor 2 was obtained by complete demethylation of glycitein after 4 days of 
30 incubation with BBrj. Incomplete demethylation gave a mixture of glycitein and Factor 2. 
Ahematively. following fermentation of daidzein and glycitein from clover to give Factor-2^ 
selective extraction and/or precipitation of Factor 2 from the femientation medium can be 
easily achieved, 

Factor-2 when tested with MCF 7 estrogen positive breast cancer cells and MDA-MB- 
35 468 (estrogen negative) breast cancer cells showed significant inhibition of both types of 
cancer cells. Inhibition of MCF-7 cells using Factor 2 gave IC50 values (at day 6 of 
incubation) of 12 fxg/ml and for MDA-MB-468 cells, the IC50 value was 8 10 ^g/mi. 
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Tliose skilled in the art will appreciate that the invention described herein is 
susceptible to variations and modifications other tlian those specifically described. It is lo be 
undersiood ihai the invention includes all such variations and modifications which fall 
vviihin ils spirit and $cope. The invention also includes all of the steps, features, 
compositions and compounds referred xo or indicated in this specification, individually or 
collectively, and any and all combinations of any two or more of said steps or features. 



